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Α Β S Τ R Α C Τ 

Seismological data collected in the north-western part of 
Greece, for a period of two months, during the summer of 1989, 
are presented and analyzed in order to discuss the seismotectonic 
regime in Kefallinia-Lefkas Ionian islands. The distribution of 
the epicenters is located between Ο and 40 km and mainly 
concentrated in three c1usters: two in the northern part of 
Kefallinia and one in the western part of Lefkas. Ιη the northern 
part of Kefallinia, the two observed clusters are separated by 
a 'gap' of about 3 km. The focal mechanisms constrained for the 
first cluster, represent two complete1y different solutions: 
normal or reverse faults. Both cases could be related to the 
large earthquakes occurred in the surrounding area. The second 
cluster represents more homogeneous reverse fault plane solutions 
with a right lateral motion. The third cluster in western Lefkas 
represents also homogeneous reverse fault plane solutions with 
a right lateral motion. 
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(ΔΥΤΙΚΗ ΕΛΛΑΔΑ) 
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Π Ε Ρ Ι Λ Η Ψ Η 

Το καλοκαίρι του 1989, στα πλαίσια ερευνητικού προγράμματος 

της ΕΟΚ ~αι με τη συνεργασία των πανεπιστημίων Αθήνας, 

Θεσσαλονίκης και Γ~ρενόμπλ (Γαλλίας),ένα σεισμολογικό δί~τυo 56 
σταθμών εγ~αταστάθηκε στην περιοχή της Βόρειας ~αι Δυτικής 

Ελλάδας για ένα xρoνι~ό διάστημα δύο μηνών, πρo~ειμένoυ να 

μελετηθεί η σεισμι~ότητα της περιοχής αυτής. 

Στη μελέτη αυτή παρουσιάζονται τα αποτελέσματα της σεισμο­

τε~τoνικής ανάλυσης της περιοχής Kεφαλληνίας-Λευ~άδας. Η 

σεισμι~ότητα της περιοχής xαρα~τηρίζεται από τρεις ομάδες. Οι δύο 

από αυτές πρoσδιoρίστη~αν στο βόρειο τμήμα της Κεφαλληνίας με ένα 

σεισμικό κενό, της τάξης των 3 χλμ. μεταξύ τους. Η ~ατανoμή των 

υποκέντρων κυμαίνεται από Ο έως 20 χλμ. Στην πρ~τη ομάδα οι 

μηχανισμοί γένεσης μπορούν να δ~σoυν δύο διαφορετικές λύσεις, 
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ανάστροφων ή ~ανoνι~ών ρηγμάτων, ενώ στη δεύτερη οι μηχανισμοί 

είναι ανάστροφοι με δεξιόστροφη οριζόντια ολίσθηση. Τέλος, η 

τρίτη ομάδα πρoσδιoρίστη~ε στο δυτι~ό τμήμα της Λευ~άδας, όπου 

η ~ατανoμή των υποκέντρων ~υμαίνεται μεταξύ Ο ~αι 30 χλμ. ~αι οι 

μηχανισμοί γένεσης παρουσιάζουν ανάστροφες λύσεις με δεξιόστροφη 

οριζόντια ολίσθηση. 

INTRODUCT10N 

1η the surnrner of 1989, a dense network of 54 portab1e 
seismo1ogica1 instruments (smoked paper Sprengnether MEQ-800) and 
two digita1 CE1S, equiped with 1hz vertica1 geophones, was 
insta11ed in the northwestern part of Greece, 10nian is1ands, 
Aito1oacarnania and Epirus, to record the seismicity of the area 
for a two month period, in order to interprete the stress fie1d 
of the area. 

The network was dep10yed for an as possib1e sufficient 
azimutha1 coverage of the seismic area, in order to provide fair 
hypocentra1 solutions and re1iab1y determined individua1 foca1 
mechanisms (Hatzfe1d et a1., 1990). The smoked paper instruments 
operated at 60rnm/rnin, yie1ding a time reading precision of 0.2 
and 0.5sec for Ρ and S waves respective1y. About 1000 earthquakes 
were recorded and located by using the ΗΥΡΟ71 routine (Lee and 
Lahr 1975, Frechet and G10t 1986). 

The geodynamics of the 10nian area is comp1icated as it is 
situated between the co11ision and the subduction zones of the 
European and the African lithospheric p1ates (Le Pichon and 
Ange1ier 1979; Anderson and Jackson 1987; Jackson and McKenzie 
1988). 

The high level of seismicity in northwestern Greece is 
characterized by sha110w 1arge earthquakes (Papazachos and 
Cornninakis 1982; Makropoulos et a1. 1989) with various fault 
plane solutions (Anderson and Jackson 1987). The northwestern 
part of this area is characterized by reverse or strike-slip 
focal mechanisms, whi1e the southern continenta1 part by norrna1 
foca1 rnechanisms (McKenzie 1972; 1978; Papazachos et a1. 1984; 
Taymaz et al. 1991; King et a1. 1993). East of the area, around 
the gul f of Corinth, N-S extension dorninates (McKenz ie 1972; 
Mercier et a1. 1979; Jackson et al. 1982; Arrnijo et al. 1986). 

ΜΕΤΗΟD ΑΝD ANALYS1S 

1η order to reduce the interposed errors and aquire the 
relative and abso1ute uncertainties in the hypocentra1 solution 
and the focal mechanisrns' construction, we proceeded with the 
fo1lowing: 

a. ΒΥ using an initial velocity model (King et al. 1983) and 
ΗΥΡΟ71, we distinguished and corrected the errors due to arrival 
time readings and the instrurnent's interna1 clock drifting. 

b. We determined the va1ue of Vp/Vs ratio, after applying 
Chatelain' s method (1978). For pairs of stations (i, j), we 
calculated the difference between the Ρ- and S-arrival times 
(tpj-tpi) and (tsj-tsi). The ratio Vp/Vs=(tsj-tsi)/(tpj-tpi) and 
the estirnated value is 1.812±0.006. 
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c. Το improve the velocity structure, we minimized the rms 
value (root mean square travel-time residuals) for a group of 
data with: rms<0.3sec, gap<180o, minimum of 20 Ρ- and S- recorded 
phases. We chose this particular group of data in order to attain 
a seismicity representative sample both in location and depth. 

Primarily, we located these events using a half-space 
velocity structure, varying the P-waves' velocity from 4.5 to 6.0 
km/sec, while the Vp/Vs ratio was the estimated one, 1.81, in 
order to determine the first layer velocity. Ιη this case there 
is a clear minimum in the mean rms at 5. 6km/sec for P-waves' 
velocity. For the second layer at a P-velocity value of 6.1km/sec 
at a depth of 15km and for the third at 40km depth for a 
P-veloci ty of 7. lkm/sec. Finally, a "sendimentary" layer down to 
4km depth, with a P-velocity of 5.2km/sec, was added to prevent 
the mislocation of a certain number of superficial events. 

d. ΒΥ using the above mentioned veloci ty model and the Vp/Vs 
ratio of 1.81, we calculated the Ρ and S travel-time residuals 
with ΗΥΡΟ71. 

S-wave recordings, by vertical component seismometers, 
provide poor 5-arrival times, thus, we reduced the weight of the 
5 waves by a factor of at least 2 in comparison to P-waves. Ρ­

and S- phases were rejected when the absolute values of the 
calculated residuals were found to be greater than 0.7 and 1.0sec 
respectively. Rejected were also the events having less than 5Ρ­
and 15- recorded phases and those with a minimum epicentral 
distance greater than 50km. From the sum of the 1000 events 
recorded, οηlΥ 650 satisfied the above mentioned criteria. 

SEISMICITY DISTRIBUTION 

Ιη figure Ι, the location of the 650 microearthquakes 
recorded during the two month observation period is shown. The 
overall pattern of the seismic activity follows that of the large 
events which occured in the area. The events are distributed in 
dense clusters which are separated by low activity areas. 

The northern part of the area shows a high seismicity level. 
Further south, at the northern part of Amvrakikos Gulf, a low 
seismicity level area appears. The seismic activity is also 
observed at the eastern part of Amvrakikos Gulf, where the 
clusters seem to be, in comparison to the northern part, more 
separated from one another and concentrated in certain regions. 
At the 5W part, the seismicity appears less pronounced and more 
concentrated around the Trichonis Lake. The seismicity arrives 
at a high concentration level in the western part of the islands 
of Kefallinia and Lefkada. 

Deep seismic activity at the NW part of Peloponnesus is 
observed mainly within the zakynthos channel (between Zakynthos 
and Peloponnesus). Α remarkable well defined 'aseismic area' is 
observed between the Ionian islands and the continental part of 
Greece. 

Ιη the present work we attempt to investigate the seismic 
activi ty in the areas of Lefkada and Kefallinia in order to 
interpret the seismotectonic regime revealed. For this, we 
computed 55 lower hemisphere fault plane solutions using P-wave 
first motion polarities. The average azimuthal coverage is about 
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1800 for the area of the Ionian islands and so, unfortunately, in 
sorne cases we have rnore than οηε solutions. 
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Fig.1. Seismicity map of the area. 

LEFΚAS DISTRIBUTION 

The epicentral distribution and the foca1 rnechanisrns of this 
region are displayed in figure 2. The seismicity is located in 
the western part of the island and the focal mechanisms indicate 
reverse right-lateral strike-s1ip faults with sub-vertical 
planes. Ιπ addition, two norrnal fau1ts with a strike-slip motion 
are observed in the western rnaritirne part of the area, near the 
2000 m. bathymetric contour. The reverse mechanisms generally 
disp1ay P-axis trending EW and T-axis trending NS. 
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Fig.2. Map of Lefkas island with topographic (600rn), bathyrnetric 
(600 ι 1000 ι 2000, 3000rn) contours, epicenters and fault 
plane solutions. 
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Fig.3. Cross section across Lefkas island (Ν1200 ). 

Α cross section (Ν1200 ) perpendicular to the strike of the 
topography is shown in figure 3. The rnaxirnurn depth is 30 krn with 
a sub-vertical plane dipping towards the SE. This is in agreernent 

431 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



with the SE dipping noda1 p1ane of the reverse foca1 mechanism 
and suggests NW-SE compression with a fau1t p1ane strike 
variation from Ν20 0 to Ν400 • 

KEFALLINIA DISTRIBUTION 

The epicenters, p10tted in figure 4 even though they are 
spread over the entire area, form two we11 defined c1usters in 
the northern part of the is1and. The main c1uster is 10cated near 
the vi11age of Zo1a (ca11ed be10w Zo1a c1uster) and the second 
one further ΝΕ near the vi11age of Assos (ca11ed Assos c1uster 
be10W). Between the two c1usters a 'gap' is observed over a 
distance of about 3 km. Papadimitriou and Papazachos, 1985, show 
that for a time period from 1963 to 1981 and for earthquakes for 
ML4.5, seismic 'gaps' are observed at the northern and southern 
part of Kefa11inia is1and. Ιη figure 4a, a cross section a10ng 
the two c1usters (Ν30 0 

), indicates sha110w seismicity with a 
maximum dapth of 20km. 
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Fig. 4. Seismicity map of Kefallinia is1and, with topographic 
(600m), bathymetric (600, 1000, 2000m) contours and major 
tectonic features. 

Ιη figures 5a and 5b the 10wer hemisphere foca1 mechanisms 
are disp1ayed. These two figures indicate a complete1y different 
tectonic regime. Ιη figure 5a, 41 reverse foca1 mechanisms are 
presented, indicating compressive regime in the area. However, 
three norma1 fau1t p1ane so1utions exist οη the centra1-eastern 
part of the c1uster. These different from the overa11 pattern 
types of mechanisms, a1so observed in the A1geria 1980 (Yie1ding 
et a1. 1989) and Ka1amata 1986 (Lyon Caen et al., 1988) 
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earthquakes, were interpreted as a released post-seisrnic stress. 
Figure 5b, shows normal focal rnechanisms in Zola cluster, 
indicating an 
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Fig.4a. Cross section along the two clusters (Ν300 ) 

" Ι-

" ~Sl:Δ 
~ Ι!) α~α--ι 

σ ( 
~
 

~ α "
 J... 
σ 

(JI~ λ 

~θ~ ~ ~ r ~ 

OO~~
 
σ Υ (~ " ιf) Υ 

'<r> 

(J tJ Ι 2 Kf'I 
ο 

σ ιf)~ 
(a) 

α (). ~ ~ 
~~ <i 

Ο ~I!) ο' α--ι 
σ α

ο σ .. ι<.. 
,. 

)... 

;r () 

(fJ 
σ ι!) Υ 

Ιι]) 

σ ο ι ! 11" 

α ~/\ 
σ 

(b) 

Fig.5. (a) Epicenters and reverse focal rnecanisrns in north 
Kefallinia. (b) Epicenters and norrnal focal rnechanisms in 
north Kefallinia. 
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Ιη the case of Assos c1uster, a sing1e solution of reverse 
foca1 mechanisms with a strike-s1ip component was possib1e. 

C1arifying, we show five cross sections of the area (figure 
6). Figure 6a and 6b show the cross section of the Zola c1uster 
across the Ν70 0 direction with the reverse and norrna1 fau1t p1ane 
solutions respective1y. Ιη the first case (fig.6a), a 
sub-vertica1 reverse fau1t p1ane striking Ν3400 and dipping to 
the SW cou1d be defined. This direction cou1d be in agreement 
with the fau1t Νο2 (fig.4) proposed by Sore1 (1976), but with an 
antithetic dipping trend and seismicity located exc1usive1y in 
the downward part of the fau1t. Ιη figure 6b, the on1y way to 
aGcept a norma1 fau1t solution, is by defining a vertica1 or a 
sub-vertica1 p1ane with the ΝΕ as the downward part. The figures 
6c and 6d disp1ay cross sections across the Zola c1uster in the 
Ν1100 direction representing reverse and norma1 fau1t p1ane 
solutions respective1y, showing a reverse fau1t p1ane dipping to 
the SE (fig.6c) and a NW dipping norma1 fau1t p1ane (fig.6d). 

Fina11y ι figure 6e shows a cross section across Assos 
c1uster in the Ν 1100 direction. Χη this case, a sub-vertica1 
p1ane dipping to the SE is defined. 

DISCUSSION - CONCLUSIONS 

The seismic activity in Lefkas is1and is characterized by 
hornogeneous reverse strike-s1ip fau1ts located in a depth range 
of 0-30 krn. This c1uster consists of a set of 8 homogeneous foca1 
rnechanisms indicating a right-1atera1 strike-s1ip rnotion. The 
seisrnicity seems to occur οη the fau1t p1ane dipping to the SE. 

The sha110w seisrnic activity in Kefa11inia is1and, is spread 
over the entire area and is characterized by a set of 
heterogeneous foca1 rnechanisms. Sore1 (1976) proposed four rnain 
reverse fau1ts λη the area (fig.4). According to this assumption, 
four senarios are 1ike1y to happen: 

The first is that a11 fau1ts are para11e1 to the fau1t Νο2 

(fig. 4). Ιη this case, the reverse fau1t defined by the Zola 
c1uster indicates antithetic reverse fau1t, referring to the 
fau1t Νο2. 

The second, is a norrna1 fau1t para11e1 to the fau1t Νο2. 

This configuration cou1d be in agreement with the norma1 fau1t 
p1ane solution of the 1arge earthquake, which occured in the 
western part of the is1and in 17-9-1972 (Mc Kenzie 1972; 1978; 
Anderson and Jackson 1987). 

The third, is a reverse fau1t p1ane which is the northern 
part of the fau1t Νο3 (Ν20

0 
). This assumption is λη agreement 

with the 1arge earthquake which occured in 17-1-1983 (Scordi1is 
et a1. 1985; Papadimitriou 1988; Kiratzi and Langston 1991). The 
fourth, is a norrna1 fau1t p1ane corresponding to the fau1t Νο3. 

The first and the fourth senarios are not consistent with the 
observed reverse fau1t (Sore1, 1976) dipping eastwards. 

Considering the arguments mentioned above, we conc1ude that 
the second or third senarios cou1d be possib1y adopted, which 
rneans a norrna1 fau1t striking Ν3400 and dipping ΝΕ, or a reverse 
fau1t striking Ν20 0 and dipping SE, λη order to interpret the 
revea1ed phenornena. However, more investigation in the specific 
area is needed to c1arify the ro1e of the possib1y existing 
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normal faults in the area. Α dense local seismic network could 
help to determine more precicely the sress field of the area. 
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Fig.6. (e) Cross section across Assos cluster (Ν100) 

REFERENCES 

Anderson,H. and Jackson,J., (1987). Active tectonics of the 
Adriatic Region, Geophys. J. R. Astron. Soc., 91, 937-983. 

Armijo,R., Deschamps,A. and Poirier, (1986). Carte seismo­
tectonique de 1 'Europe et bassin mediterraneen, Inst. de 
Phys. du Globe, Paris. 

Chatelain,J.-L., (1978). Etude fine de la sismicite en zone de 
collision continentale au moyen d' un reseau de stations 
portables: la region Hindu-Kush Pamir, These 3e cycle, 
Universite Scientifique et Medicale de Grenoble, 219 ρρ .. 

Frechet,J. and Glot,J.P., (1986). HYPREF, vers. ΗΥΡΟ71 modifiee, 
LGIT. 

Hatzfeld, D. , Pedotti,G. , Hatzidimitriou, Ρ. , Makropoulos, Κ. , 
(1990). The strain pattern in the western Hellenic arc 
deduced from a microearthquake survey, Geop. J. Int., 101, 
181-202. 

Jackson,J.A., Gagnepain,J., Houseman,G., King,G.C.P., 
Papadimitriou,P., Soufleris,C. and Virieux,J., (1982). 
Seismicity, normal faulting and the geomorphological 
development of the Gulf of Corinth (Greece): the Corinth 
earthquakes of February and March 1981, Earth Planet Sci. 

436 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



Lett., 57, 377-397. 
Jackson, J. and McKenz ie, Ο., (1988). The relationship between 

plate motion and seismic moment tensors and the rates of 
active deformation λη the Mediterranean and Midd1e-East, 
Geophys. J., 93, 45-73. 

Kirιg ,G., Tse1entis ,Α., Gomberg, J., Molnar, Ρ., Roecker, S., 
Sinvha11,H., Soufleris,C. and Stock,J., (1983). 
Microearthquake seismicity and active tectonics of 
northwestern Greece, Earth Plan. Sci. Lett., 66, 279-288. 

King,G., Sturdy,D. andWhitney,J., (1993). The 1andscape geometry 
and active tectonics of northwest Greece, Geo1. Soc. Am. 
Bu1l., 105, 137 -161. 

Kiratzi,A.A. and Langston,C.A., (1991). Moment tensor inversion 
of the 1983 January 17 Kefa11inia event of Ionian is1ands, 
Geop. J. Int., 105,529-535. 

Lee,W.H., and Lahr,J.E., (1975). ΗΎΡΟ71, a computer program for 
determining hypocenter, magnitude and first motion pattern 
of foca1 earthquakes, Geo1. Surv. Open-Fi1e Rep. (U. S) , 
75-311. 

Le Pichon,X. and Ange1ier,J., (1979). The He11enic Arc and trench 
system: a key to the neotectonic evo1ution of the Eastern 
Mediterranean area, Tectonophysics, 60, 1-42. 

Lyon-Caen,H., Armijo,R., Drakopou1os,J., Baskoutas,J., 
De1ibasis,N., Gay1on,R., Kouskouna,V., Latoussakis,J., 
Makropou1os,K., Papadimitriou,P., Papanastassiou,D. and 
Pedotti, G., (1988). The 1986 Ka1amata (S Pe1oponessus) 
earthquake: detai1ed study of a norma1 fau1t, evidences for 
east-west extension λη the Hel1enic Arc, J. Geop. Res., 93, 
14967-15000. 

Makropou1os,K.C., Drakopoulos,J., and Latoussakis,J., (1989). Α 

revised and extended earthquake cata10gue for Greece since 
1900, Geophys. J. Int., 98, 391-394. 

McKenzie,D.P., (1972). Active tectonics of the Mediterranean 
region, Geophys. J. R. Astron. Soc., 30, 109-185. 

McKenzie,D.P., (1978). Active tectonics of the Alpine-Hima1ayan 
be1t: the Aegean Sea and surrounding region, Geophys. J. R. 
Astron. Soc., 55, 217-254. 

Mercier,J.L., De1ibassis,N., Gauthier,A., Jarrige,J.J., 
Leurei11e, Ρ., Phi1ip,P., Sebrier,M., and Sore1,D., (1979). 
La neotectonique de l' arc egeen, Rev. Geo1. Dyn. Geogr. 
Phys., 21, 67-92. 

Papadimitriou,E.E. and Papazachos,8., (1985). Seismicity gaps λη 

the Aegean and surrounding area, Bo11. Geof. Teor. App1., 
27, 185-195. 

Papadimitriou,P., (1988). Etude de 1a structure du manteau 
superieur de l'Europe et mode1isation des ondes de vo1ume 
engentrees par des seismes egeens, These d 'Universi te, 
Universite Paris VII, 93-106. 

Papazachos,8.C., Kiratzi,A.A., Hatzidimitriou,P.M. and 
Rocca,A.Ch., (1984). Seismic fau1ts in the Aegean area, 
Tectonophysics, 106, 71-85. 

Papazachos,B.C. and Comninakis,P.E., (1982). Α cata10gue of 
earthquakes in Greece and the surrounding area for the 
period 1901-1980, Geophys. Lab., Univ. of Thessa1oniki, 
pub1. n05, 145 ρρ .. 

Scordi1is,E.M., Karakaisis,G.F., Karacostas,G., Panagiotopou1os, 

437 
Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



Ο., Comninakis,P.E. and Papazachos,B.C., (1985). Evidence 
for transform fauIting in the Ionian Sea: The CephaIonia 
IsIand earthguake seguence of 1983, Pure Appl. Geophys., 
123, n 0 3, 388-397. 

Sorel ,0., (1976). Etude neotectonigue dans Ι' Arc Egeen externe 
occidental: Ies iIes Ioniennes de KephaIIinia et Zakinthos 
et ΙΈΙide occidentale., These 3e cycIe, Universite Paris 
ΧΙ - Orsay, 196 ρρ .. 

Taymaz,T., Jackson,J. and McKenzie,O., (1991). Active tectonics 
of the north and central Aegean Sea, Geophys. J. Int., 106, 
433-490. 

YieIding,G., Ouyed,M., King,G. and HatzfeId,O., (1989). Active 
tectonics of the AIgerian AtIas Mountains - evidence from 
aftershocks of the 1980 ΕΙ Asnam earthguake, Geophys. J. 
Int., 99, 761-788. 

438 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.




